A novel method for imaging sites of paracellular passage of macromolecules in epithelial sheets.
Understanding the dynamics of intestinal barrier function is key to elucidating oral delivery routes of therapeutics as well as to understanding various diseases that involve the mucosal immune system. Passage of macromolecules across barrier-forming epithelia is classically analyzed by means of various tracer flux measurements. This approach averages over contributions from many cells and lacks labeling of passage-sites. Thus, abundance and nature of involved cells have remained unidentified. We present a novel method that allowed for optical analysis of passage of various macromolecules on large-scale and single-cell level. To achieve tracking of passage loci in epithelia at submicrometer resolution we used biotinylated and fluorescent macromolecules that bind to basolateral membranes pre-labeled with cell-adherent avidin. We applied this method to epithelial cell lines and isolated mucosae in order to 3-dimensionally determine barrier leak properties over time. Tracer passage was found in all epithelia examined. However, it was infrequent, strikingly inhomogeneous, depended on culture duration and tightness of the monolayer. Stimulating passage with barrier-perturbing agents increased the number of leaks exposition time-dependently in cell lines and explanted mucosae. After stepwise opening of the paracellular passage pathway, integrated tracer-signal measured by our assay strictly correlated to simultaneously performed standard fluxes. Thus, our assay allows for the study of transepithelial macromolecule passage in various physiological and pathological conditions.